Background--The Model for End-stage Liver Disease excluding international normalized ratio (MELD-XI) score and the modified MELD score with albumin replacing international normalized ratio (MELD-Albumin) score, which reflect both liver and renal function, have been reported as predictors of adverse events in liver and heart disease. Nonetheless, their prognostic value in patients undergoing tricuspid annuloplasty has not been addressed.
T ricuspid regurgitation (TR) is common and associated with a poor prognosis and reduced long-term survival. 1, 2 Tricuspid annuloplasty (TA) is currently recommended for the treatment of significant TR 3, 4 and has been increasingly performed over the past decade. 5 Although TA has shown a satisfactory outcome in the short term, postoperative residual significant TR and mortality remain high during long-term follow-up. 6, 7 Accurate preoperative risk evaluation is essential to identify patients at high risk and improve clinical outcome.
Previous studies have demonstrated that TR can cause liver 8, 9 and renal dysfunction 10 ; nonetheless their prognostic value in patients with TA is largely unknown. Recently, the Model for End-stage Liver Disease (MELD) score, 11 which reflects liver and renal function and is based on international normalized ratio (INR), total bilirubin, and creatinine, has been widely used as a prognostic predictor in patients with liver and heart diseases. [12] [13] [14] [15] Furthermore, the MELD-XI score, a modified MELD score that excludes INR during calculation because of anticoagulation, 16 has been confirmed to be useful in predicting outcomes of various types of cardiac surgery including heart transplantation, 17, 18 Fontan surgery, 19 and transcatheter aortic valve implantation. 20 In addition, the MELD-Albumin score, which includes the serum value of albumin to replace INR, has been shown to be associated with clinical outcome following heart transplantation. 15 Nonetheless, the prognostic value of these 2 modified MELD scores in patients undergoing TA is unknown. The aim of this study was to assess the clinical prognostic value of the MELD-XI score and MELD-Albumin score in patients who underwent TA.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Population
From February 2007 to December 2016, 415 consecutive patients who underwent elective TA at Queen Mary Hospital were evaluated. Patients with a documented history of congenital heart disease (n=5), known liver disease (n=13), or end-stage renal disease requiring dialysis (n=3) were excluded. A final total of 394 patients were included in this study. Concomitant left heart valvular surgery and coronary artery bypass grafting during TA was documented. Adverse outcome was defined as the occurrence of heart failure requiring admission or all-cause mortality with data retrieved from the interhospital computer medical system. If patients had multiple adverse outcomes, only the first event was coded. The study was part of CVATS (Chinese Valvular Heart Disease Study) to evaluate the pattern of disease, pathophysiology, and clinical outcome of valvular heart disease in Chinese patients. 21 The study was approved by the ethics committee of the West Cluster Hospital Authority of Hong Kong, and all patients gave written informed consent.
Clinical Parameters
Clinical data on preoperative variables were collected from patient records by 1 investigator. Conventional cardiovascular risk factors such as history of diabetes mellitus, hypertension, hyperlipidemia, and smoking status were documented. The etiology of valvular heart disease was recorded as chronic rheumatic heart disease or nonchronic rheumatic heart disease according to the predominant lesion of the valve. New York Heart Association classification was recorded as class I/II or class III/IV, and the status of atrial fibrillation was also retrieved for each patient from Hospital Authority records.
Laboratory Measurements
Preoperative blood data were based on the most recent laboratory analysis before TA. Postoperative blood data were also collected 1-year post-TA according to the TA date in Hospital Authority records. Serum creatinine was recorded in all patients and considered abnormal, according to our institutional normal range, when creatinine level was >1.3 mg/dL. Estimated glomerular filtration rate was calculated using the Modified Diet in Renal Disease Equation 22 and patients with estimated glomerular filtration rate <60 mL/min per 1.73 m 2 were deemed to have chronic kidney disease. 23 Liver function tests were performed for each patient and the cutoff for abnormal values in our hospital were total bilirubin >1.0 mg/dL, albumin <4.1 g/dL, alanine transaminase >40 U/L, and aspartate transaminase >40 U/L.
MELD-XI Score and MELD-Albumin Score
Based on the standard MELD score formula and previous studies, the MELD-XI and MELD-Albumin scores were calculated according to the formulas that are described in Figure 1 .
Clinical Perspective
What Is New?
• In this relatively large study, we assessed the clinical prognostic value of the Model for End-stage Liver Disease excluding international normalized ratio (MELD-XI) score and modified MELD score with albumin replacing international normalized ratio (MELD-Albumin) score in patients who underwent tricuspid annuloplasty (TA).
• Our study demonstrated that both MELD-XI and MELDAlbumin scores were significantly associated with adverse outcome in patients undergoing TA.
• Patients with a high preoperative MELD-XI score (≥12.0) and MELD-Albumin score (≥10.7) were at increased risk of an adverse event after TA.
What Are the Clinical Implications?
• The present data extend the usefulness of modified MELD scores to predict adverse outcome in patients who underwent TA.
• The findings in our study suggest that early TA, preferably before the development of liver and renal dysfunction, can improve clinical outcome.
• Further, modified MELD scores can be evaluated continuously before and following TA in order to identify patients who remain at high risk for adverse events.
Conventional Echocardiography
Detailed transthoracic echocardiography was performed in all patients before cardiac surgery. Left ventricular ejection fraction was measured according to the modified biplane Simpson's rule. 24 Receiver operating characteristic curve and calculation of the area under the curve analyses were used to determine the liver and renal function parameters most associated with adverse events at 1-year follow-up. The optimal cutoff value was defined as the maximized value for the sum of sensitivity and specificity. Kaplan-Meier curve with a log-rank test was constructed to compare the adverse events in patients dichotomized according to MELD-XI score and MELD-Albumin score, respectively, based on the optimal cutoff value from 1-year receiver operating characteristic analysis. The Harrell C index was calculated using Stata 14.0 to estimate the discriminatory power of 2 modified MELD scores and known prognostic factors for long-term adverse events. The higher the Harrell C index, the better the model discriminated the adverse outcome. Gronnesby-Borgan test 26 was performed by the score test with 5 group using Stata 14.0 to assess model calibration (the goodness-of-fit of the model), and a nonsignificant Gronnesby-Borgan test indicates good calibration. All remaining statistical analyses were performed using the statistical package SPSS for Windows (version 22.0, SPSS Inc) and P values reported are 2-sided for consistency. P<0.05 was considered statistically significant.
Results

Baseline Clinical Characteristics of the Study Population
The baseline clinical characteristics are described in Table 1 . Abnormal liver function test results at baseline were noted in 298 (75.6%) patients (including isolated and combined parameters abnormalities) and over 35% had chronic kidney disease. Patients were divided into 2 groups according to TR severity (Table 1) . Patients with severe TR were older and had a higher prevalence of liver and renal dysfunction than those with mild to moderate TR. Notably, patients with severe TR had higher MELD-XI and MELD-Albumin scores than patients with mild to moderate TR (11.9 versus 10.3 and 10.1 versus 8.5, respectively). Other clinical and echocardiographic parameters were similar between the 2 groups. MELD scores. To avoid negative scores, a lower limit of total bilirubin and creatinine was set at 1.0 mg/dL. *MELD-Albumin score was calculated using this formula when serum albumin was ≥4.1 g/dL.
# MELDAlbumin score was calculated using this formula when serum albumin was <4.1 g/dL.
MELD-XI Score and MELD-Albumin Score Were Significant Predictors of 1-Year Adverse Outcome
A total of 52 adverse events (31 heart failure and 21 deaths) occurred at 1-year follow-up. Predictors of 1-year adverse outcome were assessed by Cox regression analysis (Table 2 ). Univariate analysis revealed that age, sex, MELD-XI score, MELD-Albumin score, and other known clinical risk factors were associated with 1-year adverse events. To avoid bias from multicollinearity, multivariable Cox regression analysis was, respectively, performed for MELD-XI score model and MELD-Albumin score model to determine significant predictors associated with 1-year adverse events. Upon multivariable adjustment, both MELD-XI score and MELD-Albumin score remained significantly predictive of 1-year adverse outcome. All proportional hazards assumptions for the Cox regression models were met (P=0.43 for MELD-XI score model and P=0.76 for MELD-Albumin score model).
A receiver operating characteristic curve was generated to determine the accuracy of baseline liver and renal function parameters most associated with adverse events at 1-year follow-up. As shown in Figure 2 , both MELD-XI score (area under the curve=0.69, P<0.01) and MELD-Albumin score (area under the curve=0.75, P<0.01) were significantly associated with 1-year outcome, and thus were used to calculate optimal cutoff values for the prediction of adverse events. The best cutoff value was 12.0 (sensitivity 67.3%, specificity 66.4%) for MELD-XI score, and 10.7 (sensitivity 71.2%, specificity 72.5%) for MELD-Albumin score. Importantly, our results found that both modified MELD scores showed good calibration to predict 1-year outcome according to Gronnesby-Borgan test (v 
Impact of Dichotomized MELD-XI and MELDAlbumin Scores
The Kaplan-Meier survival curves to compare the incidence of adverse events in patients dichotomized according to their 
Long-Term Adverse Outcome
The median follow-up after TA was 40 months (range, 1-120 months). A total of 112 adverse events occurred during the follow-up period: 76 patients developed heart failure and required hospital admission and 36 patients died. Liver and Renal Function Progression at 1-Year Follow-Up Table 4 describes the liver and renal function progression at 1-year follow-up after TA. In patients who were free of adverse events, there was a significant improvement in estimated glomerular filtration rate, total bilirubin, aspartate transaminase, MELD-XI score, and MELD-Albumin score. Nonetheless, in patients who developed heart failure, there was no significant change in liver or renal function.
Discussion
Liver and renal abnormalities are closely related to and have a strong impact on prognosis in patients with cardiac disease. The present study demonstrated that a significant proportion of patients who underwent TA had preoperative liver and renal dysfunction that was more common in those with severe TR than in those with mild to moderate TR. This study is the first to show that high MELD-XI and MELD-Albumin scores, beyond standard clinical and demographic parameters, are significantly associated with adverse outcome in patients who undergo TA. Longitudinal assessment of liver and renal function also demonstrated that a significant improvement in MELD-XI and MELD-Albumin scores occurred only in patients who were free of adverse events, not in those who developed adverse events 1 year following TA. The present data extend the usefulness of modified MELD scores to predict adverse outcome in patients who undergo TA. Similar to the well-recognized "cardiorenal syndrome," an interaction between the heart and the liver, termed cardiohepatic syndrome, has received increasing attention. 27 There are typically 2 types of liver injury in cardiac disease: (1) acute cardiogenic liver injury in patients with cardiogenic shock; and (2) congestive hepatopathy associated with transmission of elevated right-sided filling pressures to the hepatic venous system and present at various stages along a continuum. One of the key attributes of hepatopathy secondary to chronic congestion is elevated central venous pressure that is transmitted through the hepatic veins and subsequently to hepatic venules. Biochemically, congestive hepatopathy is characterized by alteration of cholestasis biomarkers, although the exact mechanism is uncertain and likely multifactorial. Indeed, the prevalence of abnormal cholestasis biomarkers is high in patients with cardiac disease. In a study that evaluated patients with acute decompensated heart failure, 36.1% had an elevated bilirubin level. 28 In another study that involved ambulatory patients with heart failure, bilirubin was elevated in 15.2% of patients. 29 Although it is conceivable that the prevalence of ductal enzyme elevation varies in different cardiac conditions, our study revealed that almost half of the patients with TR awaiting TA had an elevated bilirubin level (49%). The reason for this high prevalence of abnormal ductal enzyme in these patients can be explained by an earlier study that showed degree of TR to be correlated with ductal enzyme level, including bilirubin. 8 Together with our previous report that demonstrated a close relationship between TR and liver stiffness, 9 the present data confirm that the severity of TR is an important attribute of congestive hepatopathy. The established MELD score that reflects both liver and renal function was developed to risk-stratify patients with hepatic cirrhosis. Recent studies have suggested that the score (based on total bilirubin, creatinine, and INR) has prognostic value in various cardiac conditions including heart failure 14, 30 and orthotopic heart transplantation. 15 In patients with valvular heart disease, the prevalence of atrial fibrillation is high and thus a large proportion of patients are prescribed anticoagulation. A study by Ailawadi et al 31 demonstrated
that the MELD score was predictive of adverse outcome in patients undergoing tricuspid surgery, although 44% were prescribed warfarin preoperatively. Nonetheless, the accuracy of the MELD score that includes INR assessment in evaluating hepatopathy in patients who require anticoagulation is arguable. The MELD-XI 14, 20, 32 and MELD-Albumin 15 scores
were designed specifically to exclude INR assessment in order to better reflect hepatopathy in patients prescribed anticoagulation. For example, a study that evaluated 343 patients undergoing heart transplantation evaluation demonstrated that MELD-XI, but not MELD score, was associated with adverse events in those prescribed anticoagulation. 14 The present findings first reported that both MELD-XI and MELDAlbumin scores provided meaningful value in predicting adverse outcome in patients undergoing TA. It is noteworthy that the MELD-Albumin score had a higher area under the curve value for 1-year adverse outcome and higher Harrell C index for long-term adverse outcome and better calibration than the MELD-XI score. This observation supports the incorporation of serum albumin into the modified MELD score to provide additional risk information for patients undergoing TA. Indeed, albumin is an important secretory protein produced by the liver. In addition, recent evidence has suggested that systemic inflammation may be a primary regulator of hepatic protein metabolism. 33 As such, chronic hepatic congestion together with systemic inflammation may contribute to hypoalbuminemia in patients with TR awaiting TA. A previous study has demonstrated that a low albumin level was independently associated with increased risk of mortality in patients with heart failure 34 and became part of a risk score to risk-stratify patients undergoing heart transplantation. 15 The present study supports the addition of albumin to the modified MELD score to better predict outcome in patients undergoing TA. Nonetheless, a larger study is required to determine the optimal cutoff value for accurate risk stratification. Liver and renal function are dynamic and reflect the hemodynamic state of various cardiac diseases. In the ESCAPE (Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness) trial, which reviewed longitudinal liver function in patients with acute decompensated heart failure, liver function was significantly improved upon treatment at 6-month follow-up. 28 In another study that evaluated patients with acute heart failure, an increase in the MELD-XI score during hospital stay was related to increased risk of mortality at 1-year follow-up. 32 Building on these results, we have demonstrated that bilirubin, aspartate transaminase, estimated glomerular filtration rate, MELD-XI score, and MELD-Albumin score were all improved in patients who were free of adverse events 1 year post-TA. On the contrary, no such improvement was observed in patients who experienced adverse events 1 year following TA. 
Clinical Implications
The timing of tricuspid valve surgery remains controversial as a result of limited data available and their heterogeneous nature. According to the current guideline, the optimal timing of tricuspid surgery is determined: (1) by symptoms or progressive right ventricular dysfunction caused by severe primary TR; or (2) at the time of left-side heart valve surgery. 3, 4 The present study demonstrated that patients with a high MELD-XI score (≥12.0) and MELD-Albumin score (≥10.7) were at increased risk of an adverse event. These findings suggest that early TA, preferably before the development of liver and renal dysfunction, can improve clinical outcome. Further, modified MELD scores can be evaluated continuously before and following TA to identify patients who remain at high risk for adverse events. It is thus clinically relevant to consider the modified MELD score when determining optimal surgical timing and risk stratification following TA.
Limitations
There are several limitations in the present study. First, we did not include all possible residual variables that were not strong in the univariate model because of the limited sample size in the multivariable model. Furthermore, novel liver and renal biomarkers such as gamma-glutamyltransferase, cystatin C, and kidney injury molecule-1 were not measured. Finally, a larger sample size is required to validate the cutoff value suggested in the present study in association with adverse events at 1-year follow-up.
Conclusions
Our study demonstrates that both MELD-XI score and MELDAlbumin score can provide useful information to predict adverse outcome in patients undergoing TA, beyond standard clinical and demographic parameters. The use of a modified MELD score might complement and enhance the current management of patients undergoing TA.
